Introduction
During July of 1997, operation of the 242-16H evaporator stopped due to low flow through the Gravity Drain Line (GDL) leading to Tank 38H. The GraviQ Drain Line includes a 250 ft length of 304L stainless steel. Indications of flow restriction manifested as lower than expected lift rates of the concentrate fkom the evaporator. Video inspection of the Gravity Drain Line showed plugging of at least 90% of the inner diameter. Solid samples fiom the GDL showed a composition of Na,Al6S&O,(NO,>,*4H2O.' Previously, Gasteiger et al. studied the equilibrium of silicon and aluminum in aqueous alkaline solutions containing chloride ion? The results of this work showed a dependency on several variables including temperature, hydroxide ion concentration and ionic strength. The dominant product formed during these studies was sodalite, NqA~S&O,,Cl,. One would expect that the nitrate enclathrated sodalite formed in the 242-16H Evaporator would exhibit similar solubility. W. R. Wilmarth, et al.
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After the initial discovery of solids, High Level Waste personnel expended significant. manpower and expense in water blasting the GDL to remove the solid deposits. Concurrently, a research program started to determine the source of the soluble silicon and conditions forsolid formation.
The tests described in this report sought to determine if DWPF Frit 200 would dissolve in the aqueous alkaline waste, convert to the sodium aluminosilicate, and if the current inventory in Tank 43H would produce the nitrate enclathrated sodalite during either storage or during evaporation.
Experimental

Initial Testing
Provided in Results and Discussion section of this report.
Frit Dissolution
In these tests, Frit 200 was added to simulated salt solutions and heated at either 40 or 95 "C. The samples were prepared in steel bottles and mixed only prior to sampling. Three salt solutions were prepard (1) simulated concentrate (1 1.5 M Na+, 8 M NaOH), (2) average salt solution (5 M Na+, 2 M NaOH), and (3) DWPF recycle (0.7 M Na+, 0.5 M NaOH). No aluminum was added to the salt solutions to prevent precipitation of the silicon. Frit 200 (2 wt %) was added to each solution. Periodically, samples were taken, filtered, and analyzed for boron and silicon.
Aluminosilicate Formation Testing
Simulated Tank 43H salt solutions were prepared and spiked with varied amounts of silicon in the form of sodium silicate, NqSi0,*4H20. Silicon varied as a function of the aluminum concentration. The silicodalyminum ratios studied included 1/100, which is the current Tank 43H ratio, 1/10, and 1/1. Table 1 shows the composition of the stock salt solution.
The reaction vessels were carbon-steel, 160-mL. capacity containers. Solutions were added to the vessel and samples pulled periodically through a septum port using a 5-mL glass syringe. The reaction vessels were placed in pre-heated ovens at 40 "Cy 95 "C, and 110 "C. Temperatures were monitored using thermometers calibrated against standards traceable to NIST. Samples were filtered using a 0.2 micron syringe filter and submitted to the Analytical Development Section for analysis using Inductively Coupled Plasma -Emission Spectroscopy
(ICP-ES).
Researchers repeated the 95 O C and 110 "C testing due to erratic behavior of the silicon and aluminum concentrations in the 7.5 hour and 86 hour samples. Laboratory notebook WSRC-NB-97-62 contains data obtained during these tests along with the procedures used.
Results and Discussion
The tests studied the rate of formation of the nitrate enclathrated sodalite at elevated temperatures similar to those found in the 242-16H evaporator. At these elevated temperatures, soluble silicon, in the form of SiO:-, and aluminum in the form of Mot-, react to form a three dimensional structure with the formula [A&S&O2.J6. Figure 1 shows the cage-like structure of this anion. Previous work2 measured solubilities on the order of 1 O4 mo12/kg. (matc/kg H20 1 Figure 2 . Solubility of Sodalite in Alkaline Solutions The dried solids were identified as Na8(Al6si6024)(No3)2~~20 by X-ray diffraction ( Figure 3 ). The yield measured 77% based on the silicon content of the Frit 200. Allowing for discarding some material, the yield approached 100%. The second experiment boiled Frit 200 (3.04 grams) in 3.0 M NaOH solution (350 mL,) for 2 hours in a stainless steel beaker. During this time, solids were always present and the volume of solution was reduced by approximately 50% (1 75 mL). The solution cooled overnight with no significant change in the solids. On the second day, boiling was repeated for 2.5 hours without reducing the volume, during which time the f i t dissolved leaving a slightly cloudy solution. After cooling, a solution (1 00 mL) of aluminum nitrate nonahydrate (1 8.9 g) and sodium hydroxide (20.0 grams) was added. No significant precipitation occurred over a three-day period at room temperature. The solution was boiled again for 3.5 hours and a precipitate formed. The solids were filtered, washed with water, and dried for 3.5 hours at 85 "C. The yield of white powder was 5.2 grams. Figure 4 shows the X-ray diffbction pattern for the product. The peak spacings appear very similar to the nitrate salt shown in Figure 3 , but with different peak intensities. This product may include hydroxysodalite or a mixed hydroxide and nitrate compound. This result is not surprising since the concentration of nitrate ion in this experiment was very low compared to the first experiment. The yield of hydroxysodalite equals 93% of theoretical based on the silicon in the fiit. WSRC-TR-97-003 89 Page 10 of 21
The high product yields in these two experiments indicate the aluminosilicate compound remains insoluble under the experimental conditions. This finding agrees with the solubility data for sodalite. One can also use the sodalite data to predict the formation of the aluminosilicate compound when processing salt solution from Tank 43H through the evaporator. Table 4 lists the composition of Tank 43H salt solution and the expected solubility product.
The observed concentrations of aluminum and silicon agree closely with the solubility limit, indicating Tank 43H salt solution appears close to saturation relative to formation of the aluminosilicate compound. When processing the Tank 43H salt solution through an evaporator, the operation will precipitate not more than 1.5 grams of aluminosilicate per liter of Tank 43H feed.
This amount of aluminosilicate is calculated based on silicon being the limiting reagent and complete conversion of the silicon to aluminosilicate. Under actual operating conditions, the yield will prove less.
Since the Tank 43H salt solution nears saturation, addition of silicon will precipitate the aluminosilicate compound. The reaction will occur almost quantitatively until the aluminum concentration drops appreciably. Thus, if Frit 200 transfers to the evaporator with salt solution, as much as 140 grams of aluminosilicate could form per liter of salt solution. This upper limit corresponds to 5 wt % frit in the salt solution and assumes all of the aluminum precipitates.
Frit Dissolution Kinetics
Frit dissolution tests indicate that frit dissolves rapidly in unstirred, hot salt solutions. Under well-mixed conditions in an evaporator, all of the frit in a 1 wt % feed will dissolve. At expected storage tank temperatures (40 "C), the rate decreases to less than 2% of the high temperature rate, but remains fast enough to dissolve significant amounts of frit during storage.
In these tests, Frit 200 was added to simulated salt solutions and heated at either 40 or 95 "C.
The samples were prepared in steel bottles and mixed only prior to sampling. Three salt solutions were prepared (1) simulated concentrate (1 1.5 M Na' , 8 M NaOH), (2) average salt solution (5 M Na' , 2 M NaOH), and (3) DWPF recycle (0.7 M Na' , 0.5 M NaOH). Table 6 lists the composition of Frit 200. Periodically, samples were taken, filtered, and analyzed for boron and silicon. Figures 5 and 6 show the changes in silicon and boron concentrations at 95 "C and 40 "C respectively. At both temperatures, silicon concentrations in filtered samples increased linearly with time ( Figures 5 and 6 ). At 95 "C, more than 70% of the frit dissolved in 24 hours. At 40 "C, only 20% of the frit dissolved in three weeks. Table 8 gives the rates of increase in silicon. Frit dissolution as measured by soluble silicon was confirmed by corresponding increases in soluble boron. The boron yields reached between 8 1 to 94 % of the expected value calculated from the silicon results and fiit composition. The low boron yields could reflect low boron content in this batch of frit, or biases in the analyses.
Only slight differences existed in rate between the three salt solution compositions at 95 "C, but significant differences resulted at 40 OC. At both temperatures, the fastest rates occurred in average salt solution and the slowest rates in concentrate. This order of reactivity between the three solutions may reflect to opposing factors. Dissolution of silica should increase with higher sodium hydroxide concentrations. Thus, the concentrated solution should dissolve frit fastest of the three salt compositions. However, increased mixing should also increase the rate of dissolution. Under the test conditions with mechanical mixing only prior to sampling, the major W. R. Wilmarth, et al.
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Page 12 of 21 mixing came fiom convection caused by temperature. Differences in viscosity may have significant impact on the convective mixing. Since the viscosity increases with hydroxide concentration, the concentrate should dissolve frit the slowest of the three. The balance between these opposing effects could produce the observed order of reactivity. 
Sodium Aluminosilicate Formation Kinetics Testing
In these experiments, soluble silicon and aluminum reacted quickly in aqueous alkaline solutions containing 3 M hydroxide ion and 6 M sodium ion. Table 9 ,10, and 11 provide the data for the aluminum and silicon concentrations as a function of time for 40 "C, 95 "C and 110 "C, respectively.
"C Tests
In conditions similar to the September 1997 inventory Tank 43H (i.e., 100/1 AYSi for sample NdAVSi-26 of Table 9 ), no loss of soluble silicon or aluminum occurred over a prolonged period (72 h) at 40 "C. However, this temperature was sufficient to affect a formation of the sodium aluminosilicate if excess silicon and aluminum exist in solution. These observations, in conjunction with the dissolution rate of frit, indicate that the sodium aluminosilicate will form in Tank 43H prior to the evaporation process. Due to the specific gravity of the material, the sodium aluminosilicate will likely remain in the heel following transfer to the evaporator. In tests containing silicon and aluminum above the solubility limit (i.e., tests Na/Al/Si-2,3,12, 13 and 14), loss of silicon or aluminum occurred. The reaction occurred within the sampling time and produced solutions depleted in silicon for test number NdWSi-2, 12 and 13 and depleted in aluminum for test number NdAVSi-3, 14, and 15. The reaction completed within 5 to 6 hours. The observed Ksp measured 2.42 x lo4 mo12/k$ to 4.27 x lo5 mo12/k$, with and average of 1.50 x lo4 mo12/kg2. In each case, x-ray diffiction identified solids collected after filtration as the nitrate enclathrated sodium aluminosilicate.
As in the 95 "C tests, the Tank 43H simulant (NdAVSi-4 and NdAl/Si-11) showed no reaction.
The high aluminum and silicon values at 7.5 hours in the first run (NdAvSi-4) reflect a precipitation problem in the sample after sample collection. Analytical Development Section (ADS) personnel observed solids in the filtered sample. In general the 7.5-hour samples from each of the first tests showed abnormal results for all six tests. This sampling protocol apparently led to post-filtration precipitation, as observed by ADS personnel in at least one sample. However, the 86 hour sample showed similar solution values.
Reactions removing silicon and aluminum from solution occurred in the 10/1 (NdAVSi-5 and NdMSi-13) and 1/1 (NdAVSi-6 and NdAySi-15) samples. The solubility products calculated from the data range from 1.4 x mol*/k$ to 3.6 x lo-' mo12/k$. These & values compare favorably to those obtained at 40 "C and 95 "C indicating little temperature dependence of solubility at the high ionic strength of these solutions. 
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